Tobacco products have changed in recent years. Contemporary mortality risk estimates of combustible tobacco product use are needed.
C ombustible tobacco products, including cigars, pipes, and cigarettes, continue to represent the leading cause of preventable mortality in the United States. Mortality risks for cigarette smokers in the United States have been extensively studied and analyzed, 1,2 but comparable estimates for users of other combustible tobacco products, such as cigars and pipes, are more limited. The 2014 Surgeon General's Report on the health effects of cigarette smoking 3 found that cigarettes are responsible for approximately 480 000 premature deaths annually. Although less common than cigarette use, US pipe and cigar use is notable. In 2015, an estimated 12.5 million people in the United States aged 12 years or older were current cigar smokers (past 30 days). 4 In a recent analysis of National Adult Tobacco Survey 2013-2014 data, the authors report that 5.4% of US adults aged 18 years or older met the threshold for ever use (smoked ≥50 cigars over the lifetime) and currently used cigars daily, some days, or rarely. 5 Similarly, 0.8% of US adults met the lifetime use threshold for pipes (smoked ≥50 pipes over the lifetime) and used a pipe daily, some days, or rarely. Between 2000 and 2015, the purchase and consumption of noncigarette tobacco products increased by 117.1% (83.8% per capita), including an increase in cigar consumption by 85.2% (56.8% per capita) and an increase in pipe tobacco consumption by 556.4% (455.7% per capita), while total cigarette consumption decreased by 38.7% (48.1% per capita). 6 In 1998, a National Cancer Institute report concluded that cigar smoking causes cancer of the oral cavity, larynx, esophagus, lung, and possibly pancreas. 7 In addition, cigar smokers are at an increased risk of heart disease and other lung disease, and their risk of oral cavity cancer and esophageal cancer is comparable to that of cigarette smokers. 7 A 2010 analysis indicated that cigar smoking is responsible for approximately 9000 premature deaths and more than 140 000 years of potential life lost among US adults aged 35 years or older. 8 However, few morbidity and mortality studies of cigar smoking have been published over the past 2 decades. 9 Even less information is available on traditional pipes, and few studies have examined large numbers of exclusive pipe smokers using population-level data. 10, 11 These products have evolved substantially over the years and studies are needed to understand the contemporary disease risks of cigar and pipes. In this study, we provide updated estimates on the mortality risks of exclusive use of cigars and pipes utilizing data from the Tobacco Use Supplement to the Current Population Survey (TUS-CPS) linked to the National Longitudinal Mortality Study (NLMS).
Methods
The NLMS is a nationally representative sample of the civilian, Census that is linked to mortality data from the National Death Index (through 2011). 12 The present analysis includes a subset of the NLMS, namely participants who completed Tobacco Use Questionnaires that were included over the years as supplements to the US Census Bureau's data collection activities. Our analysis includes participants who completed the 1992-1993, 1995-1996, 1998-1999, 2000, 2001-2002, 2003, 2006-2007 , and 2010-2011 TUS-CPS questionnaires as well as participants who completed the similar tobacco questionnaire on the September 1985 CPS. A total of 640 726 NLMS participants from these surveys provided tobacco use information. Individuals with missing or incomplete tobacco use information or other covariates were excluded from the analysis. Because tobaccorelated deaths are most likely to occur between ages 35 and 80 years, we excluded participants younger than 35 years or older than 80 years at the time of surveys (n = 229 648). We further excluded current or former exclusive smokeless tobacco users (n = 4709) and current or former users of multiple tobacco products (n = 48 949), because our analysis sought to estimate mortality risks for exclusive combustible tobacco users. After these exclusions, a total of 357 420 participants were included in the analysis and 51 150 death events were recorded. The National Institutes of Health determined that this study was exempt from human subject institutional review board review because data were not identifiable. Tobacco use was classified as exclusive current or former use of cigarettes, any cigar (little cigar, cigarillos, large cigar), or traditional pipe, and never tobacco use. We defined individuals who reported having smoked 100 cigarettes or more in their lives as ever cigarette smokers. Current smokers reported smoking 100 lifetime cigarettes or more and reported smoking daily or some days at the time of the survey, and former smokers reported that they had smoked 100 cigarettes or more in their lifetime but currently do not smoke. Questions assessing tobacco product use evolved over the course of the September 1985 Supplement to the CPS and TUS-CPS surveys. In 1985 In , 1992 In -1993 In , 1995 In -1996 , and 1999, cigar and pipe smokers reported having ever used these products on a regular basis, and current users reported that they used them at the time of survey. In 1998 and 2000, cigar and pipe users reported having ever used these products, with current users reporting daily or someday use at the time of survey and former users reporting no current use. Beginning with the 2001-2002 TUS-CPS cycle, cigar and pipe users reported having used these products even once, with current users reporting daily
Key Points
Question What is the association of cigar, pipe, and cigarette use with mortality risk in the US population?
Findings In this nationally representative longitudinal cohort study of 357 420 participants comparing exclusive cigar, pipe, and cigarette use with mortality risk, a statistically significantly elevated risk of tobacco-related cancer mortality among exclusive current and former cigarette smokers, current cigar smokers, and current pipe smokers, as well as a statistically significantly elevated risk of mortality from most examined causes of death among both current daily and nondaily cigarette smokers, were demonstrated.
Meaning Use of cigar, pipe, and cigarettes each confers mortality risks.
or someday use and former users reporting no current use. We defined never tobacco users as survey participants who indicated that they had never used cigars, pipes, and cigarettes. To examine the effect of smoking frequency, current users of cigars, pipes, and cigarettes were further divided into daily and nondaily users based on their reported daily or some day use. We also examined mortality from 2 major groups of tobaccorelated cancers: lip, oral cavity, and pharynx cancer (ICD-10: C00-C14), and trachea, bronchus, and lung cancer (ICD-10: C33-C34) separately. Given the small number of deaths among tobacco user groups within each TUS-CPS cycle, we combined all TUS-CPS cycles into 1 analytic data set.
Statistical Analysis
Mortality risks were estimated using Cox proportional hazards models with age as the underlying time variable. For analyses of both overall and cause-specific mortality, follow-up was from age at survey response through death (from any cause) or end of follow-up (December 31, 2011). For analyses of causespecific mortality, we censored at the age of death from another cause. Multivariable models were used that adjusted for sex, race/ethnicity (non-Hispanic white, non-Hispanic African American, non-Hispanic other race, or Hispanic), educational attainment (less than high school graduate or equivalent, high school graduate or equivalent, some college education, or a bachelor's degree or more education), and CPS survey year (1985, 1992-1993, 1996, 1999, 2000, 2001, 2002, 2003-2004, 2006, 2007, 2008, and 2010-2011) . Multivariable models were developed based on review of previously published research studies on tobacco-related mortality risks. 1 Hazard ratios (HRs) with a 2-tailed P value <.05 were considered statistically significant. Sampling weights were incorporated in all models and reweighted to account for differences in cohort size. This method produced results that account for and are more representative of the US population distribution. The proportional hazards assumption was assessed through visual inspection of -log-log plots of survivor function by time (age). Analyses were conducted with Unix SAS, version 9.4 (SAS Institute) using the relevant NLMS survey weights set to the noninstitutional US population size, appropriately accounting for the cluster sampling design of the original surveys. 12 Results Table 1 presents participant demographic characteristics by tobacco use status. The majority (79.3%-98.0%) of current and former cigar and pipe smokers were male, whereas current cigarette smokers were more evenly divided by sex (46% of current daily smokers were male). Tobacco users for each product were more likely to be non-Hispanic whites. Most cigar and pipe users had at least some college education, but cigarette smoking was more concentrated among those with less than a college education. Specifically, 41.2% (95% CI, 38.6%-43.8%) of daily pipe smokers and 30.5% (95% CI, 27.8%-33.3%) of daily cigar smokers had at least a bachelor's degree, compared with 11.4% (95% CI, 11.1%-11.7%) of current daily cigarette smokers. Proportional hazards assumptions were met in this data set. We also observed an elevated risk of death among exclusive current cigar and pipe users in relation to never tobacco users, although the HR for pipe users was statistically significant only in the age-adjusted model given fewer mortality events among pipe users (Table 2) . In multivariable models, current exclusive cigar smokers (HR, 1.20; 95% CI, 1.03-1.38) had higher all-cause mortality risks than never tobacco users. Analyses of specific causes of death among cigar and pipe smokers were limited by modest sample sizes. However, both current cigar smokers (HR, 1.61; 95% CI, 1.11-2.32) and current pipe smokers (HR, 1.58; 95% CI, 1.05-2.38) had an increased risk of dying from tobacco-related cancers. Similarly, both current cigar smokers (HR, 3.26; 95% CI, 1.86-5.71) and current pipe smokers (HR, 1.51; 95% CI, 0.61-3.74) exhibited a higher risk of dying from lung cancer, although the risk estimate for lung cancer mortality among pipe smokers was not statistically significant and was based on 5 or fewer deaths in this category. We observed a nonstatistically significant association between current exclusive cigar smoking and COPD (HR, 2.44; 95% CI, 0.98-6.05); however, this estimate is based on 5 or fewer deaths. 
Discussion
Our analyses of NLMS data revealed that exclusive current cigarette smokers and exclusive current cigar smokers have higher all-cause mortality risks than never tobacco users. The risk of dying from tobacco-related cancers is higher for current and former exclusive cigarette smokers, current exclusive pipe smokers, and current exclusive cigar smokers than for never tobacco users. Elevated mortality risks also were found for former and current nondaily exclusive cigarette smokers for most causes of mortality assessed.
Specifically, we found an increased risk among cigar smokers for lung cancer and tobacco-related cancers overall com- 
Research Original Investigation
Mortality Risks for US Cigarette, Cigar, and Pipe Users pared with never tobacco users, consistent with previous results. 13 We also found that current exclusive cigar smokers have increased all-cause mortality risk (HR, 1.20; 95% CI, 1.03-1.38), which is an outcome that, to our knowledge, has not been estimated for the US population since the Cancer Prevention Study-I (HR, 1.08; 95% CI, 1.05-1.12), using data collected more than 40 years ago. 7 Among current daily users, we found increased COPD mortality risk for cigar smokers compared with Abbreviations: COPD, chronic obstructive pulmonary disease; HR, hazard ratio; NA, not available. a Age was used as the underlying time metric.
b Adjusted for sex, race/ethnicity (non-Hispanic white, non-Hispanic black, non-Hispanic other, Hispanic), education (<high school graduate, high school graduate, some college, college graduate or more), survey year (1985, 1993, 1996, 1999, 2000, 2001, 2002, 2003, 2004, 2006, 2007, 2008; 2010, 2011) . Age was used as the underlying time metric. c Sample size was suppressed for disclosure avoidance purposes. b Adjusted for sex, race (non-Hispanic white, non-Hispanic black, non-Hispanic other, Hispanic), education (<high school, high school, some college, college), survey year (1985, 1993, 1996, 1999, 2000, 2001, 2002, 2003, 2004, 2006, 2007, 2008, 2010, 2011 ). c Sample size was suppressed for disclosure avoidance purposes.
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geal (RR, 2.44; 95% CI, 1.51-3.95), and lung (RR, 5.00; 95% CI, 4.16-6.01). 10 We observed lower risks for daily pipe and cigar smoking than for daily cigarette smoking. It is likely that daily cigar and pipe smokers use these products less frequently per day than cigarette users. Indeed, ever cigarette smoking on these questionnaires was defined as using at least 100 cigarettes in the lifetime; however, definitions for ever use of cigars and pipes did not use the same criteria. A 2015 review by Chang et al 9 indicates that few additional studies examining cigar mortality risks have been published in recent years, strengthening the importance of our findings. The HR for all-cause mortality among current smokers relative to never smokers in the American Cancer Society's Cancer Prevention Study II (baseline year 1982), who were surveyed around the same time as the first participants in our study, was 2.33 (95% CI, 2.26-2.40) for men and 2.08 (95% CI, 2.02-2.14) for women, 1 compared with our overall all-cause This study has several strengths. The NLMS combined data set is a nationally representative prospective study. Tobacco use information is collected prior to death and sampling weights are used to provide representative RRs. In addition, the detailed TUS-CPS questionnaire allowed us to analyze current daily and nondaily tobacco users separately as well as former tobacco users. The size of this study enabled us to examine exclusive users of specific tobacco products and generate estimates of overall mortality, cancer mortality, and other major causes of death. Also, our study included follow-up from 1985 to 2011, spanning a more recent time period than previous studies. Our study is unique in that we harmonized tobacco use data, including information on frequency of use, from the national surveys over many years creating a large sample size to enable examination of associations of multiple combustible tobacco products and tobacco-related mortality outcomes.
Limitations
There are also limitations to consider. Tobacco use questions in the TUS-CPS have changed over time; however, these slight changes in questionnaire wording likely did not substantially alter our findings, although classifying participants reporting pipe or cigar use at least once as ever-users in 2001-2002 may have attenuated results for nondaily and former users. Also, TUS-CPS data lacked detailed frequency information for cigar and pipe use over the years, which restricted our ability to examine frequency of tobacco use in greater detail than daily or nondaily. We were also unable to examine the influence of multiple tobacco product use in these data. Because the TUS-CPS spans several decades, mortality follow-up time across surveys varies; however, we examined results by survey year and the results were comparable. In addition, because tobacco use was only assessed at baseline, these estimates may not represent lifetime use patterns (eg, tobacco use cessation during follow-up would underestimate risks). Tobacco use information was collected primarily by self-report, with approximately 20% by proxy questionnaire, and therefore is potentially subject to errors in recall. However, studies have illustrated that selfreport tobacco use information is reliable and valid.
14 Likewise, given exclusion of teens and young adults, proxy data on tobacco use status is reasonably consistent with self-report for middle-aged and older adults. 15 Our study lacked data on some potentially confounding variables, including alcohol, body weight, and family history of disease, although prior US studies have not indicated that these factors strongly confound associations between tobacco product use and disease. 16 We also lacked information on use of water pipes and e-cigarettes; however, these products were uncommonly used during the study period. Finally, even given the large size of included surveys, there were limited numbers of deaths among some tobacco use strata, such as nondaily pipe smokers.
Conclusions
Our study provides further evidence that cigar, pipe, and cigarette use confers mortality risks, even among nondaily current cigarette users, with lower risks observed among former users than current users. These data underscore the importance of cessation to reduce mortality and morbidity from combustible tobacco use. These risk estimates are consistent with published estimates from other studies, thus demonstrating the reliability of NLMS risk estimates. Given rapid changes in tobacco products available in the marketplace, our results provide information on the contemporary mortality risks of 2 noncigarette combustible tobacco products.
